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SEMICONDUCTOR MANUFACTURING
SYSTEM INCLUDING DEPOSITION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional

Application No. 62/245,150, filed on Oct. 22, 2015, 1n the
United States Patent and Trademark Ofhice, the disclosure of
which 1s incorporated herein in 1ts entirety by reference.

BACKGROUND

1. Field

One or more embodiments relate to a semiconductor
manufacturing system, and more particularly, to a semicon-
ductor manufacturing system including, for example, a
deposition apparatus for forming a thin layer.

2. Description of the Related Technology

To satisty the design rules for smaller semiconductor
devices, many eflorts have been made to deposit thinner
layers on semiconductor substrates and reduce the physical
or chemical interference between thin layers by using low-
temperature processes instead of high-temperature pro-
cesses. I thin layers are deposited using plasma, chemical
reactions between reactants may be induced without increas-
ing the temperature of a heater on which a substrate is
mounted, and the decrease of the lifespan of a reactor may
be prevented unlike using at high-temperature conditions.
For example, an atomic layer deposition (ALD) method 1s
widely used to deposit thin layers 1n semiconductor devices
having complex structures because the deposition thick-
nesses of the thin layers can be easily controlled 1n the ALD
method. In addition, reaction gases not undergoing chemical
reactions under thermal process may be chemically activated
and be deposited to form thin layers by supplying plasma
synchronized with the supply of the reaction gases 1n a
plasma enhanced atomic layer deposition (PEALD) method,
and thus the PEALD method has been widely used in
industrial fields.

SUMMARY

One or more embodiments 1include a deposition apparatus
having a reactor structure for expanding process windows
and preventing plasma generated between electrodes from
being extinct toward a reactor wall regardless of the relative
rat1o of the distance between the electrodes and the distance
between an electrode and a reactor wall 1n a capacitively
coupled plasma (CCP) reactor.

Additional aspects will be set forth 1n part 1n the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

According to one or more embodiments, a reactor
includes: a reactor wall; an upper electrode; a lower elec-
trode; and a gas flow control device disposed above the
upper clectrode and including a gas supply path.

The upper electrode and the gas flow control device may
be provided separably or as one unit. In addition, a gas
discharge path may be formed between the reactor wall and
the gas flow control device: A gas outlet connected to an
external discharge pump may be formed 1n an upper portion
of the reactor wall making contact with the gas flow control
device, so as to discharge gas through an upper portion of the
reactor.
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The upper electrode may be connected to an external
radiofrequency (RF) power generator, and RF power may be
supplied to a reaction space. A gas supply device (such as a
showerhead) may be used as the upper electrode. The lower
clectrode may face the upper electrode, and a substrate
mounting device (such as a substrate accommodating
device) may be used as the lower electrode.

A portion of a lower surface of the upper surface may
have a concave shape so as to induce uniform distribution of
plasma 1n the reaction space. For example, a protrusion may
be formed along the circumierence of the lower surface of
the upper electrode at a certain distance from the center of
the lower surface of the upper electrode, and a concave
portion may be formed near the protrusion. For example, a
protrusion may be formed adjacent to an edge of the lower
surface of the upper electrode, and a concave region may be
formed inside the protrusion.

According to one or more embodiments, a semiconductor
manufacturing system includes: a gas supply device func-
tioning as a first electrode and including a plurality of
injection holes; a reactor wall connected to the gas supply
device; and a substrate accommodating device functioning
as a second electrode, the substrate accommodating device
and the reactor wall being configured to be sealed via face
sealing, wherein a reaction gas supplied from the gas supply
device toward the substrate accommodating device 1s dis-
charged to the outside through a gas discharge path between
the gas supply device and the reactor wall, and the first
clectrode includes a protruded electrode adjacent to an edge
of the gas supply device.

A first distance between the substrate accommodating
device and a center region of the gas supply device may be
greater than a second distance between the reactor wall and
the edge of the gas supply device, and a third distance
between the substrate accommodating device and the pro-

truded electrode of the gas supply device may be less than
the second distance.

Plasma generated between the first and second electrodes
may move toward the reactor wall due to radiality of the
plasma 1n the first distance and may move toward the
substrate accommodating device due to linearity of the
plasma in the third distance.

The radiality of the plasma may increase as one or both of
power of the plasma and a flow rate of the reaction gas
Increase.

The protruded electrode may have a predetermined radius
of curvature. The substrate accommodating device may
include a groove at a position corresponding to a position
where the protruded electrode may be located. The pro-
truded electrode and the groove may have same radius of
curvature.

The gas supply device may be recessed from the pro-
truded electrode so that a concave space may be defined 1n
the gas supply device. The semiconductor manufacturing
system may further include a gas outlet above the gas supply
device. In this case, the reaction gas may be discharged to
the outside through the gas discharge path and the gas outlet.

The semiconductor manufacturing system may further
include a gas flow control device disposed between the gas
supply device and the gas outlet. In this case, the reaction
gas may be discharged to the outside through the gas
discharge path, the gas flow control device, and the gas
outlet.

The gas flow control device may include a plate and a
sidewall protruding from the plate, and the sidewall may
include a plurality of penetration holes formed therethrough.
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The substrate accommodating device may include: a
recess region for accommodating a substrate; and a contact

region surrounding the recess region for the face sealing.
The recess region may extend to a position corresponding to
a position where the protruded electrode may be located.

According to one or more embodiments, a semiconductor
manufacturing system includes: a reactor wall; a gas flow
control device connected to the reactor wall; a gas supply
device connected to the gas tlow control device; and a lower
clectrode facing the gas supply device and contacting a
lower surface of the reactor wall so that a reaction space 1s
defined therebetween, wherein: the gas flow control device
1s stacked on the gas supply device; a gas ilet 1s formed
through an upper portion of the reactor wall, the gas flow
control device and the gas supply device, and a gas 1is
supplied to the gas supply device through the gas inlet; a first
distance between the lower electrode and a center region of
the gas supply device i1s greater than a second distance
between the reactor wall and an edge of the gas supply
device; and a third distance between the edge of the gas
supply device and an edge of the lower electrode 1s less than
the second distance.

According to one or more embodiments, a semiconductor
manufacturing system includes: a first electrode including a
plurality of 1njection holes; a gas flow control device above
the first electrode; a reactor wall connected to the first
clectrode and the gas flow control device; and a second
clectrode configured to contact the reactor wall for face
sealing, wherein a reaction gas supplied toward the second
clectrode through the injection holes 1s discharged to the
outside through a gas discharge path between the gas supply
device and the reactor wall and through the gas flow control
device, and a surface of the first electrode facing the second
clectrode 1s concave.

The semiconductor manufacturing system may further
include a gas outlet disposed above the gas flow control
device, wherein the reaction gas may be discharged to the
outside through the gas discharge path, the gas tflow control
device, and the gas outlet.

The gas flow control device may include a plate and a
sidewall protruding from the plate, and the sidewall may
include a plurality of penetration holes.

A first distance between the second electrode and a center
region of the first electrode may be greater than a second
distance between the reactor wall and an edge of the first
clectrode, and a third distance between the edge of the first
clectrode and an edge of the second electrode may be less
than the second distance.

The first electrode may include a protruded electrode
adjacent to an edge thereof. The second electrode may
include a recess region to accommodate a substrate, and the
recess region may extend to a position corresponding to a
position where the protruded electrode may be located.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
the embodiments, taken 1n conjunction with the accompa-
nying drawings 1n which.

FIG. 1 1s a cross-sectional view illustrating a semicon-
ductor manufacturing system according to an embodiment.

FIG. 2 15 a view 1illustrating flows of a reaction gas (and
remaining gas) in the semiconductor manufacturing system
of the embodiment.

FIG. 3 1s another cross-sectional view illustrating the
semiconductor manufacturing system of the embodiment.
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FIGS. 4 and 5§ are a view illustrating a semiconductor
manufacturing system of the related art and a view 1llus-

trating a semiconductor manufacturing system according to
an embodiment.

FIG. 6 1s a cross-sectional view 1llustrating a semicon-
ductor manufacturing system according to another embodi-
ment.

FIGS. 7A and 7B are cross-sectional views illustrating,
modifications of an upper electrode of a semiconductor
manufacturing system according to embodiments.

FIGS. 8 and 9 are cross-sectional views 1llustrating semi-
conductor manufacturing systems according to another
embodiments.

FIGS. 10 to 12 are views 1illustrating plasma coupling
reliability.

FIGS. 13 and 14 are views illustrating thin layer unifor-
mity according to plasma power (a) and oxygen flow rate (b)
when S10, layers are formed by a plasma enhanced atomic
layer deposition (PEALD) method using a reactor of the
existing art and a reactor according to an embodiment.

FIG. 15 1s a cross-sectional view illustrating a semicon-
ductor manufacturing system according to another embodi-
ment.

DETAILED DESCRIPTION

Embodiments will now be described with reference to the
accompanying drawings.

The mmventive concept may, however, be embodied 1n
many different forms and should not be construed as being
limited to the embodiments set forth herein; rather, these
embodiments are provided to give a clear understanding of
the mventive concept to those of ordinary skill in the art.
That 1s, the embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
inventive concept to those of ordinary skill 1n the art

In the following description, terms are used only for
explaining specific embodiments while not limiting the
inventive concept. The terms of a singular form may include
plural forms unless referred to the contrary. The meaning of
“comprise” and/or “comprising”’ specilies a shape, a fixed
number, a step, a process, a member, an element, and/or a
combination thereof but does not exclude other shapes, fixed
numbers, steps, processes, members, elements, and/or com-
binations thereof. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed 1tems.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various members,
regions, and/or elements, these members, regions, and/or
clements should not be limited by these terms. These terms
are not used to denote a particular order, a positional
relationship, or ratings of members, regions, or elements, but
are only used to distinguish one member, region, or element
from another member, region, or element. Thus, a first
member, region, or element discussed below could be
termed a second member, region, or element without depart-
ing from the teachings of the inventive concept.

Hereinafter, embodiments will be described with refer-
ence to the accompanying drawing. Shapes 1llustrated 1n the
drawings may be varied according to various factors such as
manufacturing methods and/or tolerances. That 1s, the
embodiments are not limited to particular shapes 1llustrated
in the drawings. Factors such as shape changes 1n manufac-
turing processes should be considered.

First, a deposition apparatus will now be described
according to an embodiment with respect to FIG. 1. FIG. 1
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1s a cross-sectional view 1illustrating a semiconductor manu-
facturing system 100 according to an embodiment. In the
semiconductor manufacturing system 100 shown 1n FIG. 1,
a reactor wall 101 may be i1n contact with a substrate

accommodating device 103. For example, a lower surface of 5

the reactor wall 101 may be in contact with the substrate
accommodating device 103 functioning as a lower electrode,
and thus a reaction space 125 may be formed between the
reactor wall 101 and the substrate accommodating device
103.

In other words, the substrate accommodating device 103
and the reactor wall 101 may be in contact with each other
and may be sealed via face sealing, and owing to this face
sealing, the reaction space 125 may be formed between the
substrate accommodating device 103 and the reactor wall
101. After the face sealing, a gas discharge path 117 may be
defined among the reactor wall 101, a gas flow control
device 105, and a gas supply device 109. The reactor wall
101 may be connected to the gas supply device 109 via the
gas flow control device 105.

The gas tflow control device 105 and the gas supply device
109 may be arranged between the reactor wall 101 and the
substrate accommodating device 103. The gas flow control
device 105 and the gas supply device 109 having gas
injection holes 133 may be provided as one unit or a
separation-type unit with a portion with gas injection holes
133 separated. In the latter case, the gas tflow control device
105 may be placed on the gas supply device 109. In addition,
the gas supply device 109 may be provided as a separation-
type device as well. In this case, the gas supply device 109
may include: a gas injection device having a plurality of gas
injection holes 133; and a gas channel located above the gas
injection device (refer to FIG. 3).

The gas flow control device 105 may include a plate 301
and a sidewall 123 protruding from the plate 301. A plurality
of penetration holes 111 may be formed through the sidewall
123.

Grooves 127, 129, and 131 may be formed between the
reactor wall 101 and the gas flow control device 105 and
between the gas flow control device 105 and the gas supply
device 109 to accommodate sealing members such as
O-rings. Owing to the sealing members, external gas may
not permeate 1nto the reaction space 125. In addition, owing
to the sealing members, a reaction gas may be discharged
from the reaction space 125 along predetermined paths (that
1s, the gas discharge path 117 and a gas outlet 115 shown 1n
FIG. 2). That 1s, the reaction gas may not leak through other
regions from the predetermined paths.

The gas supply device 109 may be used as an electrode in
a plasma process such as a capacitively coupled plasma
(CCP) process. In this case, the gas supply device 109 may
include a metal such as aluminum (Al). In a CCP process,
the substrate accommodating device 103 may also be used
as an electrode. That 1s, capacitive coupling may be achieved
by the gas supply device 109 functioning as a first electrode
and the substrate accommodating device 103 functioning as
a second electrode.

For example, plasma generated by an external plasma
generator (not shown) may be supplied to the gas supply
device 109 through radiofrequency (RF) rods 313 (refer to
FIG. 3). The RF rods 313 may be mechamically connected to
the gas supply device 109 through RF rod holes 303 formed
through an upper portion of the reactor wall 101 and the gas
flow control device 105.

Optionally, the gas supply device 109 may include a
conductive material, and the gas flow control device 1035
may include an insulative material such as a ceramic mate-
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rial so as to insulate the gas supply device 109 used as a
plasma electrode from the reactor wall 101.

A protruded electrode P may be arranged adjacent to an
edge of the gas supply device 109. The protruded electrode
P may prevent extinction of plasma toward the reactor wall
101. The protruded electrode P will be further described
later.

As shown 1n FIG. 1, a gas inlet 113 1s formed through the
upper portion of the reactor wall 101 and a center portion of
the gas flow control device 105. In addition, a gas flow path
119 1s additionally formed in the gas supply device 109 such
that a reaction gas supplied from an external gas supply unit
(not shown) through the gas inlet 113 may be uniformly
distributed to the gas injection holes 133 of the gas supply

device 109 through the gas flow path 119.

In addition, as shown 1n FIG. 1, the gas outlet 115 1s
formed 1n the upper portion of the reactor wall 101 1n an
asymmetric relationship with the gas inlet 113. However, the
gas outlet 115 and the gas inlet 113 may be symmetric with
cach other (not shown). In addition, since the reactor wall
101 1s spaced apart from a sidewall of the gas flow control
device 1035 (and a sidewall of the gas supply device 109) to
form the gas discharge path 117, a reaction gas remaining
alter a process may be discharged through the gas discharge
path 117.

FIG. 2 1s a view 1llustrating flows of a reaction gas (and
remaining gas) in the semiconductor manufacturing system
100. In FIG. 2, arrows indicate gas flows. A reaction gas
supplied from the external gas supply unmit (not shown) to the
gas inlet 113 may umiformly flow to the gas injection holes
133 of the gas supply device 109 (such as a showerhead)
through the gas tlow path 119.

The reaction gas may undergo a chemical reaction 1n the
reaction space 125 or on a substrate on the substrate accom-
modating device 103 to form a thin layer on the substrate.
After the thin layer 1s formed, remaiming gas may flow 1nto
the gas tlow control device 1035 through the gas discharge
path 117 formed between the reactor wall 101 and the
sidewall of the gas supply device 109 and the penetration
holes 111 formed 1n the sidewall 123 of the gas flow control
device 105, and may then be discharged through the gas
outlet 115.

FIG. 3 1s another cross-sectional view 1llustrating the
semiconductor manufacturing system 100 of the embodi-
ment. Referring to FIG. 3, the gas flow control device 105
includes the sidewall 123, the gas inlet 113, the plate 301
surrounded by the sidewall 123, the RF rod holes 303, screw
holes 305, the penetration holes 111, and the groove 127
accommodating a sealing member such as an O-ring.

The plate 301 may have a concave nner portion sur-
rounded by the sidewall 123. The gas ilet 113 i1s located 1n
a region of the gas tflow control device 105 as a path for
receiving a reaction gas. The screw holes 305 are at least two
in number and are formed around the gas inlet 113, and
mechanical connection members such as screws may be
inserted through the screw holes 305 to connect the gas tlow
control device 105 and the gas supply device 109. The RF
rod holes 303 are formed 1n another region of the gas flow
control device 105, and thus the RF rods 313 connected to
an external plasma supply unit (not shown) may be con-

nected to the gas supply device 109 disposed under the gas
flow control device 105 through the RF rod holes 303.

The gas supply device 109 connected to the RF rods 313

may be used as an electrode 1n a plasma process such as a
CCP process. The protruded electrode P may be arranged
along the edge of the gas supply device 109.
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Owing to the protruded electrode P, a lower surface of the
gas supply device 109 (that 1s, a surface facing the substrate
accommodating device 103) may be curved to form a
concave space.

The structure of a reaction space may have a significant
ellect on a plasma process. For example, when a plasma
process 1s performed by a CCP method using plasma gen-
crated by RF power applied between upper and lower
clectrodes, 11 the upper electrode functioning as an RF power
clectrode (for example, the gas supply device 109 such as a
showerhead) 1s flat, the density of the plasma may be higher
in a center region of a reaction space (for example, the
reaction space 125 shown in FIG. 1) than in a peripheral
region of the reaction space. This may not cause a significant
problem when the distance between the upper and lower
electrodes 1s small. However, when the distance between the
upper and lower electrodes 1s large, the plasma may be
extinct from the peripheral region of the reaction space
toward a reactor wall due to the radiality of the plasma. In
this case, the properties of a layer (such as thickness
uniformity or a wet etch rate (WER) 1n a later etch process)
formed on a substrate may markedly vary between center
and edge regions of the substrate. That 1s, 1t may be diflicult
to form a umiform layer.

For example, the ratio of the distance between the upper
and lower electrodes to the distance between the upper
clectrode and the reactor wall (that 1s, the width of the gas
discharge path 117) 1s a factor to be considered. That 1s, 1f
the distance between the upper and lower electrodes 1s
greater than the distance between the upper electrode and the
reactor wall, a portion of plasma, for example, plasma
generated 1n an edge region of the upper electrode through
which RF power 1s supplied, may move toward the reactor
wall instead of moving toward the lower electrode. As a
result, plasma power coupling reliability may decrease, and
the properties of a thin layer such as unmiformity may
deteriorate 1 an edge region of a substrate. This phenom-
enon may obviously occur as one or both of the flow rate of
a reaction gas and the power of plasma increase (refer to
FIGS. 13 and 14). Therefore, CCP reactors of the related art
have restricted process windows due to the above-described
phenomenon.

However, the semiconductor manufacturing system 100
of the current embodiment includes the protruded electrode
P along the edge of the gas supply device 109. Therelore,
plasma power coupling reliability may be improved 1n the
reaction space 125, and the thickness of a thin layer may not
be locally decreased (1.e. improved uniformity). Further-
more, a process window for a stable deposition process may
be expanded, and thus the deposition process may be flex-
ibly performed.

The protruded electrode P may have a predetermined
radius of curvature. According to an additional embodiment,
the radius of curvature of the protruded electrode P may be
varied according to process conditions. For example, the
radius of curvature of the protruded electrode P may be
about R3.0 (3.0 mm).

The substrate accommodating device 103 may include a
recess region R for accommodating a substrate and a contact
region S surrounding the recess region R. A substrate may be
placed 1n the recess region R, and the reactor wall 101 may
hermetically be in contact with the contact region S (face
sealing). The recess region R may extend to a position
corresponding to a position at which the protruded electrode
P 1s located. This will be further described later.
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FIGS. 4 and 5§ are a view illustrating a semiconductor
manufacturing system of the related art and a view 1llus-
trating a semiconductor manufacturing system according to
an embodiment.

Referring to FIG. 4, 1n the semiconductor manufacturing,
system of the related art, a reaction space 1s defined by an
inter-electrode distance B between an upper electrode and a
lower electrode 2. If RF power 1s applied to the upper
clectrode 1, plasma may be generated in the reaction space.
In this case, however, 1f a gas supply device such as a
showerhead including gas injection holes 1s used as the
upper electrode 1, the shapes of the gas injection holes of the
showerhead may be unintendedly transierred to a substrate.
Thus, the inter-electrode distance B may be increased to
prevent this. In this case, however, iI the inter-electrode
distance B 1s greater than a distance A between the upper
clectrode 1 and a reactor wall 3, plasma generated in an edge
region of the reaction space may move toward the reactor
wall 3 instead of moving toward the lower electrode 2. As
a result, plasma power coupling reliability may decrease,
and the uniformity of a thin layer formed on a substrate may
be lower 1 an edge region of the substrate than 1n a center
region ol the substrate.

Referring to FIG. 5, in the semiconductor manufacturing,
system of the embodiment, an inter-electrode distance B (or
first distance) between an upper electrode 1 and a lower
clectrode 2 1s greater than a distance A (or second distance)
between the upper electrode 1 and a reactor wall 3 as 1n the
semiconductor manufacturing system shown 1n FIG. 4, and
a protruded electrode P 1s formed adjacent to an edge of the
upper electrode 1. As a result, a distance C (or third distance)
between the edge of the upper electrode 1 and the lower
clectrode 2 1s less than the distance A between the upper
clectrode 1 and the reactor wall 3. that 1s, B>A>C may be
satisfied.

Owing to the protruded electrode P, even if the inter-
clectrode distance B 1s greater than the distance A between
the upper electrode 1 and the reactor wall 3, the umiformity
of plasma may be maintained 1n a reaction space without the
loss of plasma power to the reactor wall 3. For example,
since plasma generated by the upper and lower electrodes 1
and 2 has strong radiality in the inter-electrode distance B,
the plasma may be extinct toward the reactor wall 3 along
the distance A shorter than the inter-electrode distance B.
However, this extinction of plasma toward the reactor wall
3 1s prevented by the protruded electrode P. In addition, since
plasma generated by the protruded electrode P and the lower
clectrode 2 has strong linearity 1n the distance C, the plasma
may not move toward the reactor wall 3 along the distance
A greater than the distance C but may move toward a
substrate accommodating device functioning as the lower
clectrode 2.

FIG. 6 1s a cross-sectional view 1llustrating a semicon-

ductor manufacturing system according to another embodi-
ment.

Referring to FIG. 6, a substrate accommodating device
functioning as a lower electrode 2 may include a recess
region R extending to a position corresponding to a position
at which a protruded electrode P 1s located. Herein, the
expression “the recess region R extends to a position cor-
responding to a position at which the protruded electrode P
1s located” means that the recess region R extends to one of
imaginary lines K1, K2, and K3 (or an arbitrary line between
the imaginary lines K1, K2, and K3) that are drawn 1n a
direction perpendicular to the lower electrode 2 from one of
a start position J1 from which the protruded electrode P
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starts to protrude, a center position J2 of the protruded
clectrode P, and an end position I3 of the protruded electrode
P.

According to the current embodiment, although the recess
region R of the substrate accommodating device functionming,
as the lower electrode 2 extends to a position corresponding
to an edge of an upper electrode 1 (that 1s, a gas supply
device), a deposition process may be performed without
extinction of plasma to a reactor wall. Therefore, space
elliciency for depositing thin layers on large substrates may
be achieved while maintaining the quality of thin layers.

FIGS. 7A and 7B are cross-sectional views illustrating,
modifications of an upper electrode of a semiconductor
manufacturing system according to embodiments.

Referring to FIGS. 7A and 7B, an electrode surface of a
gas supply devices may be variously shaped. For example,
the gas supply device may include an electrode surface (that
1s, a surface facing a substrate accommodating device)
having a cone shape as shown in FIG. 7A or a concave shape
(such as a dome shape) as shown in FIG. 7B. In addition, the
gas supply device may include a protruded electrode having
a stepped shape (not shown). That 1s, the scope of the
inventive concept may extend to any electrode shapes as
long as the distance between a center region of an upper
clectrode and a lower electrode 1s greater than the distance
between the lower electrode and an edge of the upper
clectrode.

Referring to FIGS. 7A and 7B, the gas supply device
includes an electrode having a flat upper surface. However,
the upper surface of the electrode of the gas supply device
may be variously shaped. For example, the upper surface of
the electrode of the gas supply device may have a cone shape
or a convex shape.

FIGS. 8 and 9 are cross-sectional views 1llustrating semi-
conductor manufacturing systems according to other
embodiments.

Referring to FIG. 8, a protruded electrode P' may be
arranged along and/or adjacent to an edge of a lower
clectrode 2. For example, the protruded electrode P' may be
arranged 1n a contact region S of a substrate accommodating
device tunctioning as the lower electrode 2.

In the previous embodiments, the protruded electrodes P
are disposed on the gas supply devices functioning as the
upper electrode. In the current embodiment, however, the
protruded electrode P' 1s disposed on the lower electrode 2
such that the distance between center regions of an upper
clectrode 1 and the lower electrode 2 may be greater than the
distance between edges of the upper and lower electrodes 1
and 2. Although not shown 1 FIG. 8, protruded electrodes
P' may be respectively disposed on the upper and lower
clectrodes 1 and 2.

Referring to FIG. 9, a substrate accommodating device
functioning as a lower electrode 2 may include a groove G
at a position corresponding to a position at which a pro-
truded electrode P 1s located. Owing to the groove G, plasma
and remaining gas may be less allected by a bottleneck
phenomenon 1n a peripheral region of a reaction space.
According to an additional embodiment, the protruded elec-
trode P and the groove G may have the same radius of
curvature.

FIGS. 10 to 12 are views 1illustrating plasma coupling
reliability. FIGS. 10 and 11 are views illustrating the plasma
coupling reliability of a reactor of the related art, and FIG.
12 1s a view 1llustrating the plasma coupling reliability of a
reactor according to an embodiment.

Referring to FIG. 10, an inter-electrode distance 1s 3.5
mm, and the inter-electrode distance 1s less than a distance
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of 6 mm between an upper electrode and a reactor wall. In
this case, RF power (indicated by dashed lines) may be
transmitted from the upper electrode to a lower electrode
without loss, and thus plasma power coupling reliability
may not be decreased 1n a reaction space. Therefore, a thin
layer deposited on a substrate may be uniform over center
and edge regions of the substrate.

Referring to FIG. 11, the mter-electrode distance 1s 7 mm,
and the inter-electrode distance 1s greater than the distance
of 6 mm between the upper electrode and the reactor wall.
In this case, RF power may partially be extinct from an edge
region of the upper electrode toward the reactor wall 1nstead
ol being transmitted intact to the lower electrode. That 1s,
plasma may partially leak toward the reactor wall instead of
moving toward the lower electrode.

Referring to FIG. 12, an inter-electrode distance and the
distance between an upper electrode and a reactor wall are
respectively 7 mm and 6 mm as i FIG. 11. However,
referring to FIG. 12, a protruded electrode 1s arranged
adjacent to an edge of the upper electrode. Theretfore, unlike
the structure shown 1n FIG. 11, extinction of plasma toward
a reactor wall may be prevented. Even though the height of
a reaction space increases, plasma power coupling reliability
and the uniformity of thin layer deposited may not decrease
in the reaction space owing to the protruded electrode.

FIGS. 13 and 14 are views illustrating thin layer unifor-
mity according to plasma power (a) and oxygen flow rate (b)
when silicon oxide layers are formed by a plasma enhanced
atomic layer deposition (PEALD) method using a reactor of
the related art and a semiconductor manufacturing system
according to an embodiment.

Referring to FIG. 13, along with the increase of RF power
supplied to an upper electrode of the reactor of the related
art, the thickness of thin layers decreased 1n edge regions of
substrates, and the uniformity of the thin layers decreased. In
FIG. 13, regions 1n which the thickness of the thin layers
decreased are indicated with arrows. However, even though
RF power was increased i a reactor according to the
embodiment, the thickness of thin layers did not decrease 1n
edge regions ol substrates.

FIG. 14 1llustrates the uniformity of thin layers according
to the flow rate of oxygen supplied to reaction spaces when
RF power was maintained constant. In FIG. 14, regions 1n
which the thickness of thin layers decreased are indicated
with arrows. Referring to FIG. 14, as the flow rate of oxygen
was 1ncreased, the thickness of thin layers decreased 1n edge
regions ol substrates when the reactor of the related art was
used. However, the thickness of thin layers did not decrease
regardless of the flow rate of oxygen when the reactor
according to the embodiment was used.

FIG. 15 15 a cross-sectional view illustrating a semicon-
ductor manufacturing system according to another embodi-
ment. Referring to FIG. 15, a plurality of reaction chambers
100 are disposed 1n a chamber 1inner region 805 formed by
a top id 801 and an external chamber 803. A gas flow
control device, a showerhead, a gas inlet, and a gas outlet of
cach of the reaction chambers 100 are disposed 1n the top lid
801. The reaction chambers 100 share the same gas supply
unit and the same discharge pump, and thus the same process
may be performed on a plurality of substrate at the same
time so as to icrease productivity.

The same process may be performed on a plurality of
substrates at the same time as follows. First, a substrate
transier device 1s mserted into the chamber 1inner region 805
through a door located at a lateral side of the external
chamber 803 so as to place substrates on a plurality of
susceptors 103. Thereafter, the chamber inner region 805 of
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the external chamber 803 1s evacuated or filled with an inert
gas such as argon gas. Next, the susceptors 103 are lifted and
brought into contact with lower sides of reactor walls 101,
thereby forming reaction spaces. The pressure of the cham-
ber mnner region 805 may be set to be lower than the internal
pressure of the reaction chambers 100.

Alternatively, the reaction chambers 100 may not share
the gas supply unit and the discharge pump but may be
connected to individual gas supply units and discharge
pumps so as to perform diflerent processes at the same time.
For example, while sequentially moving a substrate to the
reaction chambers 100, a composite thin layer forming
process may be performed to deposit thin layers on the
substrate. In this case, the composite thin layer forming
process may be rapidly performed while minimizing expo-
sure to air or waiting time.

The shapes of parts illustrated 1in the accompanying
drawings are examples provided for clear understanding of
the embodiments. That 1s, the shapes of parts may be varied.

It should be understood that embodiments described
herein should be considered 1n a descriptive sense only and
not for purposes of limitation. Descriptions of features or
aspects within each embodiment should typically be con-
sidered as available for other similar features or aspects 1n
other embodiments.

While one or more embodiments have been described
with reference to the figures, 1t will be understood by those
of ordinary skill 1n the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the mventive concept as defined by the
following claims.

What 1s claimed 1s:

1. A semiconductor manufacturing system comprising:

a gas supply device functioning as a first electrode and

comprising a plurality of injection holes;

a reactor wall surrounding the gas supply device; and

a substrate accommodating device functioning as a sec-

ond electrode, the substrate accommodating device and
the reactor wall being configured to be sealed via face
sealing,

wherein a reaction gas supplied from the gas supply

device toward the substrate accommodating device 1s
discharged to the outside through a gas discharge path
between the gas supply device and the reactor wall, and
the first electrode comprises a protruded electrode
disposed at an edge of the first electrode adjacent to the
reactor wall,

wherein the gas supply device includes a gas injection

device having the plurality of injection holes and a has
channel above the gas injection device,

wherein the protruded electrode protrudes from a lower

portion of the gas injection device that 1s below the
plurality of mjection holes, and

wherein the protruded electrode 1s an integral part of the

first electrode and continuously extends from the edge
of the first electrode so as to directly face the second
clectrode.

2. The semiconductor manufacturing system of claim 1,
wherein a first distance between the substrate accommodat-
ing device and a center region of the gas supply device 1s
greater than a second distance between the reactor wall and
the edge of the gas supply device, and

a third distance between the substrate accommodating

device and the protruded electrode of the gas supply
device 1s less than the second distance.

3. The semiconductor manufacturing system of claim 2,
wherein the protruded electrode and the second electrode are
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configured to generate plasma therebetween and move the
generated plasma toward the substrate accommodating
device.

4. The semiconductor manufacturing system of claim 3,
wherein the protruded electrode and the second electrode are
turther configured to at least partially prevent the generated
plasma from moving toward the reactor wall.

5. The semiconductor manufacturing system of claim 1,
wherein the protruded electrode has a predetermined radius
ol curvature.

6. The semiconductor manufacturing system of claim 1,
wherein the gas supply device 1s recessed from the protruded
clectrode so that a concave space 1s defined 1n the gas supply
device.

7. The semiconductor manufacturing system of claim 1,
further comprising a gas outlet above the gas supply device,

wherein the reaction gas 1s discharged to the outside

through the gas discharge path and the gas outlet.

8. The semiconductor manufacturing system of claim 7,
further comprising a gas flow control device disposed
between the gas supply device and the gas outlet,

wherein the reaction gas 1s discharged to the outside

through the gas discharge path, the gas tflow control
device, and the gas outlet.

9. The semiconductor manufacturing system of claim 8,
wherein the gas flow control device comprises a plat and a
sidewall protruding from the plate, and

the sidewall comprises a plurality of penetration holes

formed therethrough.

10. The semiconductor manufacturing system of claim 1,
wherein the substrate accommodating device comprises a
groove at a position corresponding to a position where the
protruded electrode 1s located.

11. The semiconductor manufacturing system of claim 10,
wherein the protruded electrode and the groove have same
radius of curvature.

12. The semiconductor manufacturing system of claim 1,
wherein the substrate accommodating device comprises:

a recess region for accommodating a substrate; and

a contact region surrounding the recess region for the face

sealing.

13. The semiconductor manufacturing system of claim 12,
wherein the recess region extends to a position correspond-
ing to a position where the protruded electrode 1s located.

14. A semiconductor manufacturing system comprising:

a reactor wall;

a gas tlow control device surrounded by the reactor wall;

a gas supply device functioning as an upper electrode and

connected to the gas flow control device; and

a lower electrode facing the gas supply device and con-

tacting a lower surface of the reactor wall so that a
reaction space 1s defined therebetween,

wherein the gas flow control device 1s disposed on the gas

supply device,

wherein the gas supply device includes a gas injection

device having a plurality of injection holes and a gas
channel above the gas injection device,

wherein a gas 1nlet 1s formed through an upper portion of

the reactor wall, the gas flow control device, and the gas
supply device, and a gas 1s suppled to the gas supply
device through the gas inlet,

wherein a first distance between the lower electrode and

a center region of the gas injection device 1s greater
than a second distance between the reactor wall and an
edge of the gas mjection device, and
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wherein a third distance between the edge of the gas
injection device and an edge of the lower electrode 1s
less than the second distance,

wherein the gas injection device further comprises a
protruded electrode disposed at an edge of the upper
clectrode adjacent to the reactor wall,

wherein the protruded electrode protrudes from a lower
portion of the gas injection device that 1s below the
plurality of mjection holes, and

wherein the protruded electrode 1s an integral part of the
upper electrode and continuously extends from the
edge of the upper electrode so as to directly face the
lower electrode.

15. A semiconductor manufacturing system comprising:

a gas supply device functioning as a first electrode, the gas
supply device including a gas injection device com-
prising a plurality of injection holes and a gas channel
above the gas injection device;

a gas tlow control device above the first electrode;

a reactor wall surrounding the first electrode and the gas
flow control device; and

a second electrode configured to be sealed together with
the reactor wall via face sealing,

wherein a reaction gas supplied toward the second elec-
trode through the injection holes 1s discharged to the
outside through a gas discharge path between the gas
supply device and the reactor wall and through the gas
flow control device,

wherein the gas imjection device further comprises a
protruded electrode disposed at an edge of the first
clectrode adjacent to the reactor wall,

wherein the protruded electrode protrudes from a lower
portion of the gas injection device that 1s below the
plurality of mjection holes, and
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wherein the protruded electrode 1s an integral part of the
first electrode and continuously extends from the edge
of the first electrode so as to directly face the second
clectrode.

16. The semiconductor manufacturing system of claim 135,
further comprising a gas outlet above the gas flow control
device,

wherein the reaction gas 1s discharged to the outside

through the gas discharge path, the gas flow control
device, and the gas outlet.

17. The semiconductor manufacturing system of claim 15,
wherein the gas tlow control device comprises a plate and a
sidewall protruding from the plate, and

the sidewall comprises a plurality of penetration holes.

18. The semiconductor manufacturing system of claim 15,
wherein a first distance between the second electrode and a
center region of the first electrode 1s greater than a second
distance between the reactor wall and an edge of the first
electrode, and

a third distance between the edge of the first electrode and

an edge of the second electrode 1s less than the second
distance.

19. The semiconductor manufacturing system of claim 135,
wherein the first electrode comprises a protruded electrode
adjacent to an edge thereof.

20. The semiconductor manufacturing system of claim 19,
wherein the second electrode comprises a recess region to
accommodate a substrate, and

the recess region extends to a position corresponding to a

position where the protruded electrode 1s located.

21. The semiconductor manufacturing system of claim 1,
wherein the protruded electrode 1s positioned between the
plurality of injection holes and the substrate accommodating
device.
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